Kinetic basis for the substrate specificity during hydrolysis of phospholipids by secreted phospholipase A2.
Kinetics of hydrolysis of aqueous dispersions of arsono-, sulfo-, phosphono- and phospholipids by phospholipase A2 from pig pancreas are characterized in terms of interfacial rate and equilibrium parameters. The enzyme with or without calcium binds with high affinity to the aqueous dispersions of the four classes of anionic lipids and shows the same general kinetic behavior. The rate of hydrolysis of anionic substrates does not show an anomalous change at the critical micelle concentration because the enzyme is present in aggregates even when bulk of the substrate is dispersed as a solitary monomer. Apparent affinities of the enzyme for the interface of different anionic lipids are virtually the same. Also, affinities of these substrates for the active site of the enzyme at the interface are comparable. However, a significant change in the catalytic turnover rate is seen as the sn-3 phosphodiester group is modified; the apparent maximum rate at saturating bulk substrate concentration, V(M)app values, increase in the order: homo- and arsonolipids < sulfo- < phosphono- < phospholipids. Not only the basis for the sn-2 enantiomeric selectivity but also the decrease in the rate of hydrolysis with the increasing chain length is due to a decrease in the value of V(M)app. Results show that even when the bulk concentration of anionic phospholipid is below cmc, hydrolysis occurs in aggregates of enzyme and substrate where the chemical step of the turnover cycle remains rate-limiting, which provides a basis for the assumption that V(M)app is directly related to Kcat. The fact that Kcat depends on the nature of the head group (phosphate, phosphonate, sulfate, arsonate) implies that the head group plays a critical role in the rate-limiting chemical step of the catalytic cycle, possibly during the decomposition of the tetrahedral intermediate. The significance of these results for the microscopic steady-state condition for hydrolysis at the micellar interface, mechanism of esterolysis by phospholipase A2, and inhibitor design are discussed.